Selection and measurements of plant functional traits 12
Following Lepš et al. (2006) , for the selected species we chose a set of 17 aboveground and 13 belowground easy-to-measure functional traits, related to the life-history processes competition, 14 regeneration, establishment, dispersal, and flowering phenology (Table 2 ). These traits are likely to 15 be useful for predicting vegetation response to disturbance and a broad range of other 16 environmental factors (Weiher et al., 1999) . The targeted traits (see Table 2 Local species richness of subordinated species was calculated for each 5 x 5 cm micro-quadrat. 18
Subsequently, micro-quadrats were classified according to the number of subordinate species (S). 19 Three classes were distinguished: micro-quadrats where no subordinate species is present (S=0), 20
where one subordinate species is present (S=1), and micro-quadrats where more than one 21 subordinate species is present (S>1). Pairwise spatial associations (I(A,B)) between dominant 22 grasses and classes of subordinate species richness were assessed by the mutual information 23 between two variables (Juhász-Nagy and Podani, 1983 Wilson, 1992) randomizes with a short spatial range and separates the effects of larger scale 8 heterogeneity in the sample. All associations were tested in spatial-series analyses (Podani, 1992; 9
Bartha and Kertész, 1998). Because the results remained consistent within a range of plot sizes, we 10 present here only the results found at 5 x 5 cm scale. 11
Because there are many clonal species in our grasslands, the finest resolution 5 x 5 cm might not 12 represent well the local species structure and composition. Therefore larger sampling units of 5 x 25 13 cm micro-quadrats were chosen for analyses related to the functional diversity and the local 14 frequency of species was approximated by the number of presences (with scores changing between 15 0 and 5 according to the local presence) in these sampling units. 16 We used computerized sampling (Podani, 1987) and sampled 5 x 25 cm micro-quadrats from 17 random positions under the conditions of S. nitida being excluded. Because the micro-quadrats can 18 be autocorrelated and spatial autocorrelations might affect our results, we calculated a distance 19 decay function (using Bray-Curtis similarity) and removed spatially dependent micro-quadrats (for 20 the summary of the analyses see Electronic Appendix C). 21 respectively, and σ sim is the standard deviation of the metrics of the simulated data. Significant 3 differences were calculated comparing field FD with respect to the null hypothesis (that is the min-4 max range obtained by 9999 randomisation runs). As we used several transects, we adjusted for 5 multiple testing by dividing the commonly used 0.05 threshold of the p value by 3 in the south-6 facing slope (three transects) and by 2 in the north-facing slope (two transects) that yielded the 7 adjusted thresholds of 0.016 and 0.025, respectively. 8 Significant spatial associations were found between the dominating grasses and the patterns of 13 species richness classes (Table 3) . S. nitida showed consistent positive association with micro-14 quadrats where no subordinate species were present (S=0 class) and negative associations with S=1 15 and S>1 richness classes, hence those with micro-quadrates where one or more subordinate species 16 were present. These patterns were the same in both open (southern exposition) and closed (northern 17 exposition) grasslands and were consistent across transects within each grassland type (Table 3) . 18 We expected that the other two dominant grass species B. rupestre and B. erectus would produce 19 similar relationships, but they showed the opposite pattern − negative association with empty 20 microsites and positive association with classes S=1 and S> 1. Significant negative spatial 21 associations were found between S. nitida and the other two dominating grasses, while positive 22 spatial associations appeared between B. rupestre and B. erectus. These results remained consistent 23 in all spatial-series analyses (not shown) and in all used types of randomizations (Table 3) . 24 25 13
Traits assembly in gaps 1
In gaps without the dominant grass S. nitida, significant differences to random assembly were 2 detected in more than 2/3 of the investigated traits (12 out of 17 traits) at least for one of the 3 investigated transects (Table 4 ). Significant trait under-dispersion indicates trait 4 convergence/clumping, while significant trait over-dispersion is indicative of trait 5 divergence/spread. 6
Significant results of traits related to competition showed trait divergence on both the north-and the 7 south-facing slopes. Seed mass, a trait related to dispersal and establishment, showed trait 8 convergence only on the south-facing slope. Regenerative traits showed convergence on the north-9 facing slope, and, by contrast, trait divergence on the south-facing slope. However, the regenerative 10 trait 'position of aboveground buds' deviated from this pattern by showing convergence also on the 11 south-facing slope. Significant results for traits related to flowering phenology showed convergence 12 in grasslands on the north-facing slope, while they were inconclusive on the south-facing slope. 13 Only S. nitida was found to have a profound effect on the spatial associations and enhance 1 constraints on patterns of species diversity, and hence presumably controlling processes shaping 2 patterns of persistence and coexistence of the subordinate species. The other two investigated late-3 successional grasses, B. erectus and B. rupestre, were negatively associated with S. nitida and they 4 were found to behave like subordinate species. They locally co-occur with other species and do not 5 constrain diversity. Their subordinate role may go on the account of their growth architecture -6 hence inability to form high-density tussock composed of ramets as demonstrated by S. nitida. They 7 produce less dense clones leaving more space for other plants. Our results of significantly negative 8 correlations between the occurrence of the dominant species S. nitida and the subordinate species, 9
including the other grasses, support the assumption that S. nitida is a main driver of the local 10 diversity acting as a biotic filter in both habitats. In a previous study undertaken in the same habitats 11 
Traits related to competition and establishment (H1) 23
Although it is often assumed that a lower functional diversity in traits (and hence more pronounced 24 habitat filtering effect) should occur in productive and thus competitive environments (Grime, 25 1 diversity (hence mechanisms of niche differentiation) for traits related to competition in the 2 investigated communities in both productive as well as nutrient-poor environments. 
Conclusions and management implications 20
While previous grassland studies sometimes found random pattern of multiple traits (see 21 Götzenberger et al. 2012), we detected multiple cases of non-random trait-driven community 22 assembly. Our findings highlight the importance of hierarchical exclusion of strong biotic filters and 23 the relevance of fine spatial scales in studies of community assembly. Using contrasting 24 environmental situation created highly productive framework to study and understand mechanisms 25 underpinning trait-based assembly rules of coexistence in species-rich vegetation systems, such as 1 semi-natural grasslands. Most importantly, we were able to demonstrate that assembly rules are 2 strongly context-dependent. Our findings suggest that grasslands species diversity might be 3 dependent on gaps created by natural disturbance regimes, such as solifluction or soil erosion. 4
However, under such circumstances, functional diversity of regenerative traits and flowering 5 duration is decreased by convergence due to possible selection for certain highly-fitted traits. In 6 habitats with naturally low productivity with shallow soils and disturbance due to drought and 7 erosion, as in the case of the grasslands occupying the south-facing slope habitats, the functional 8 diversity of many traits increases possibly either because competitive filters would be lacking or 9 due to facilitative effects and/or environmental heterogeneity. 10 Disturbance appears to be the process that is most important in driving the survival of subordinate 11 species by the exclusion of biotic filters such as strongly dominating, matrix-forming species. 12
Subsequently, a multitude of trait-based mechanisms allow for coexistence of the subordinate 13 species. These mechanisms are context-dependent and may vary from location to location 14 indicating that heterogeneous environments might support multiple processes of coexistence. 15
Successful management of secondary (semi-natural) grasslands for species and functional diversity 16 (largely resting on occurrence and coexistence of subordinate species) has to take into account the 17 effect of biotic filters such as dominant grasses. Dutton, I., Green, R.E., Gregory, R.D., Harrison, J., Kennedy, E.T., Kremen, C., Williams, N., Lovejoy, T.E., Mace, G., May, R., Mayaux, P., Morling, P., Phillips, J., 6
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